Artemisinin from dry leaves of Artemisia annua L. was extracted by supercritical fl uid extraction using CO 2 as the solvent and Microwave-assisted extraction by diff erent solvents as ethanol, chloroform, n-hexane and toluene. Extracts were analyzed in GC-MS system gas chromatograph, by comparison of the retention time with that of the standard artemisinin. Determination of arteannuin B, artemisinic acids were conducted by comparison of the spectrum with that of a library. The content of artemisinin was determined as 0.29-0.85% of dry weight for microwave-assisted extraction, and 0.32% for supercritical fl uid extraction, for arteannuin B as 0.18-1.23% and 1.18%, for artemisinic acid as 0.32-2.33% and 0.66%, respectively. The yield of total extract obtained by supercritical fl uid extraction was 1.70%, by microwave-assisted extraction -1.33-8.62%. Best solvents for the artemisinin extraction were toluene, chloroform and ethanol.
Introduction
Artemisia annua L. is the herb of the family Asteraceae, which known as Annual Wormwood is native in Asia. It has been used in Chinese traditional medicine for treatment of fever from ancient times. Artemisinin is naturally formed in A. annua and has mainly been detected in the aerial parts of the plant, particularly in the leaves, stems, buds and fl owers. Its amount ranges from 0.01% to 1.54% (Charles & Simon, 1990; Ferreira et al., 1995) of dry weight according to various factors such as the plant's origin, stage of development and the cultivation condition. Artemisinin is a naturally occurring peroxidic sesquiterpene. Systematically, it is named [3R-(3a, 5ab, 6b, 9a, 12b, 1aR) ]-octahydro-3, 6, 9-trimethyl-3, 12H-pyrano [4, 3-j]-1, 2-benzodioxepin-10(3H)-one (Avery et al., 2003) .
The mechanism of action of artemisinin is still non conclusive. Experimental and theoretical studies suggest existence of several processes involving artemisinin, as forming carbon free radicals which alkylate specifi c malarial proteins causing lethal damage to parasites (Teja-Isavadharm et al., 2004) , inhibition of heme polymerization by breaking hemozoin (crystalline heme aggregate, malaria pigment, hematin) (Ziegler et al., 2001) -transporting ATP-ase or SERCA) (Klayman et al., 1984) . Artemisinin and its derivatives are the only group of compounds that is still eff ective against drug-resistant P. falciparum strains, and has the ability to quickly lower parasite level (Krishna et al., 2004) .
Materials and Methods
Plant material. The plant sample of A. annua was collected in the vicinity of Ulaanbaatar city, Mongolia in August 2006, and air dried. The leaves were separated from the other parts of plants and for artemisinin extraction.
Supercritical fl uid extraction. The supercritical fl uid extraction (SFE) method uses CO 2 as a solvent. In comparison with the Soxhlet extraction, this method has many advantages such as lower solvent consumption and lower working temperature. This method off ers other advantages related to the favorable properties of supercritical fl uids: low viscosity, high solute diff usivity, improved mass transfer and reduction of extraction time. The appearance of the SFE extracts depends on the operational condition used during the extraction. Extraction process of artemisinin was carried out in supercritical fl uid extractor.
Liquid carbon dioxide (food grade, 99.8% of minimum purity) was fed through a 2-µm fi lter to an ISCO 260D high-pressure pump. The CO 2 was compressed and pumped into a preheating coil contained in a temperature controlled water bath. Thermal equilibrium was achieved in the preheating coil and the fl uid then passed into an extraction column packed with solute. The 1.92 g of the plant material was placed inside. A cotton wool plug was placed at both sides of the extraction column in order to avoid the drag of small particles by the solvent. The solute laden CO 2 leaving the cell was directed through a 0.5-µm fi lter to prevent physical entrainment. The fi lter was then fl ashed to atmospheric pressure through a regulating valve resulting in the precipitation of solute within both the valve and a 0.5-µm fi lter. The gas released through the regulating valve was passed through a water saturator and a wet test meter for volume determination. A static period of 1 hour was used to allow the contact between the particles and the supercritical solvent. Experiment was performed using 150 bar pressure and 40 o C temperature. These mild operating conditions avoid degradation of the analyzing material and give rise to clean plant extract. The CO 2 was allowed to fl ow into the extraction column during 50 minutes. The CO 2 mass fl ow rate was 10 ml/sec. After extraction the regulating valve and fi lter were washed with 8.5 ml of chloroform to recover the extract deposited on. The total extract mass from plant sample was determined gravimetrically as 1.698%.
Microwave-assisted extraction. Microwaveassisted extraction (MAE), also called as microwave extraction which combines microwave and traditional solvent extraction. It is a method, which uses the energy of microwave radiation to heat solvents quickly and effi ciently. By using a closed system, extraction can be performed at higher temperatures and extraction time can be reduced. MAE has many advantages, such as extremely short extraction times (15 to 30 minutes), high sample throughput (8-16 samples in one extraction run), very low solvent consumption, exact reaction control by temperature and pressure sensors, possibility of automation, higher extraction rate and better product with lower cost. MAE was carried out using microwave extractor (CEM Corporation, Model Mars 5, USA). Dry leaves of A. annua were placed into the fl uid extractor (FE) closed vessels and were extracted by 10 ml of diff erent solvents (ethanol, chloroform, n-hexane and toluene) in the microwave extractor at the maintaining temperature (35 o C and 50 o C for n-hexane and 50 o C for the other solvents) for 15 minutes. Microwave power of 300W-600W per minute was given according to the number of vessels in the apparatus. After cooling for 15 minutes the extracts were fi ltered through a 0.45 micron fi lter and stored at +4 o C. Microwave extraction gave the yellow extract for toluene, dark green for ethanol, light yellow for n-hexane and dark yellow for chloroform.
Identifi cation of artemisinin by GC-MS. All extracts were analyzed in GC-MS system (Perkin Elmer, USA), fi tted with mass selective detector, with a silica capillary column (HP5MS 30m x 0.25µm x 0.25mm, cross linked 5% PH ME Siloxane, Hewlett Packard, USA) by direct probe injection. Helium was used as the carrier gas at a fl ow rate of 1 ml/min with the velocity of 36.2 cm/sec, maintained constant for analysis. The temperature of the injector was 240 o C. The column was heated to 50 o C for 5 min and programmed at 5 o C/min to 280 o C, heated for 5 min. One micro liter of the extract was injected. For the ethanol extract fi ltration was repeated before injection, because of precipitate formation. All analyses were carried out in duplicate. The identifi cation of the major components was done by comparison of the retention time with that of the standard artemisinin (98%, CAS number 63968-64-9, Aldrich, USA).
Quantifi cation of the components was performed using the linear calibration graph for the standard artemisinin (Fig.1 ). Standard solutions with three diff erent concentrations were prepared by solving the standard artemisninin in ethanol.
Results
Mass spectral analyses of standard artemisinin was identical to that of library and showed that except of artemisinin peak also the peaks of decomposition compounds are present (Fig. 2, compounds A, B and C) .
Artemisinin is stable up to 150 o C, it but degrades into number of products when heated at 180-200 o C. Therefore, gas chromatographic analyses measure artemisinin indirectly by detection of degradation compounds. This fact was taken into the consideration for following calculations. Standard artemisinin had its retention time at about 35 minutes.
Determination of arteannuin B, artemisinic acids were conducted by comparison of the spectrum with that of a library. Retention time of artemisinic acid was at about 30 minutes, and arteannuin B was at 34 minutes for all solvents, correspondingly.
The content of artemisinin was determined as 0.29-0.85% of dry weight for MAE and 0.32% for SFE, for arteannuin B as 0.18-1.23% and 1.18%, for artemisinic acid as 0.32-2.33% and 0.66%, respectively (Table 1 ). By SFE many peaks of hydrocarbons with odd number of carbon atoms in molecule were obtained at the area of determination and double peak about artemisinin. It means that for this method we have to use additional purifi cation step after extraction before gas chromatography. The experiment was repeated under the same condition by changing the fl ow rate of CO 2 from 10 to 133 ml/sec. In this case few peaks were observed, which means that for supercritical fl uid extraction method the fl ow rate of CO 2 might be more selective for artemisinin extraction. As for MAE, there were no double peaks determined for artemisinin, arteannuin B and artemisinic acid and fewer peaks were observed in the area of determination. It may be related to the selectivity of microwave extraction method. Artemisinin and artemisinic acid contents in A. annua were compared with results from literature for extraction of artemisinin by MAE method (Table 2) It showed that contents of artemisinin, especially of artemisinic acid in our sample was higher than that determined by other researchers. The SFE content of artemisinin was lower in comparison with previous results (0.32% in comparison with 0.62-0.7%, according to data of Hao et al. (2002) .
The yield of total extracted product (1) and the yield of artemisinin were determined (2) after solvent evaporation at room temperature.
After evaporation the ethanol extract gave dark brown-green residue, chloroform -brown residue, n-hexane -oily yellowish residue, and toluene -oily brown residue.
The yield of total extract obtained by SFE was 1.70%, by MAE -1.33-8.62%, and the best solvents for the artemisinin extraction were toluene, chloroform and ethanol. In comparison with results of Hao et al. (2002) for n-hexane the yield of the total extract was lower, but the yield of artemisinin was higher than determined previously (Table 3 (1)
